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'■lODEL*^ FOR INTERRUPTEn MONITORING OF ^ 'ITOCMASTIC PR-'OReq 

by Everett Palitw^r 

Ames Reseirch Center , NASA, Moff "“tt Fi"ld,CA 

ARSTPACT 

As computers ire to the cockoit, the ni lot's ioh i« 

ohnnsim from on*' of menuslly flyinq the eir''r‘*ft, to O'.e of "'u- 
P'r^lsinq computers which sro 'loinq nsvHst ion,qui<innro mA en^r- 
qy ,mon»qoment calculstions ss well ss ■'utomet icil I v f Ivina th« 
lircrnft. In this suoorvisor iei cole th"* pilot must '^ivH« his 
attention botw<*on monitorinq the oircf^ft's nor formence oiv- 
inq comitnnls to tn^' computer. In this r.ooer, norm'tiv*' str=»- 
teqios sre levelopcd tor tasks where tho nilot must interruot his 
monitorinq of a stochastic ococess in order to attend to oth^r 
duties. Results ace qiven as to how characteristics of the sto- 
cnastic process ani tne other tasks affect the optimal stra- 
tei ies . 


INTRODUCTION 

"Now York control, this is NASA 1 arrivinq on CARMEL 7 with 
an expected arrival time at. MERGE waypoint of 14:11:00." "NAS^ 
1, you are cleared to arrive on CARMEL 1, with a merqe time of 
14:32:10." This exchange between pilot and controll«r occur'^d in 
a recent Amos simulation study of 4D RNAV in the termin'*! 
arca(l,2). The pilot was cleared for a different PNAV aoDroach 
route and arrival time. The pilot next entered this data into 
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ni‘‘ onboac-1 mviintion nni Tuidincc coirnutor. Tn doim this h<» 

to '.livij#* his jttention b<»tw'’'»n tionitorinq tho lutooilot's 
nor foc'n’nco with his fliqht instruments *n"^ ■>nt''rinq i^tn into 
th- rooDutor throuqh his -"ul t i f unct ion iisolsy sn.1 k^ybo^ri. f.h- 
s‘*rvf»tions of how nilots divi;l 2 d their sttention h^^tween moni^or- 
inq and data entry tasks in this simulation study wer^ the 
motivation for the modelinq of attention sharinq orosented in thr> 
prns’nt paper. 

Ttv environment in which the pilot interacts with his or- 
b«')‘!rd computer is quite differenc from otner iobs wn^re *» oerson 
intor.'cts with a computer. In a menaqsment information system, 
teieonerator control, or in most human interaction with a romout- 
er, tne computer is, or con easily be nelted to allow the person 
time to chink and plan his next input. Here the person and th« 
computer work sequentially. When an aircraft is beinq controlled 
in real time by a computer it can not ' atopp'^d while the pilot 
leisurely inputs his commands. In this env i ronm^'nt both -'omout^r 
and man must v/ork in parallel. The pilot "'ust interrupt his mon- 
itorinq to interact with the computer. He must also interrupt 
the discrete tasks to monitor. Other ehar act^r ist ics of discrete 
tasks and monitoring in the rockoit arc the followinq. The 
discrete tasks are presented at random. They should be accom- 
plished by a certain time but usually plenty of time is available 
to do the tasks. Attention must be diverted from monitorinq for 
fairly long blocks of time (seconds) to do the discrete tasks. 
The displays the pilot must monitor show the error between his 
vehicle's state and the desired state. When the aircraft is con- 
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trolUJ by an autopilot, these oiqn»ls are r''l'ti«'e!y lov 
b 3ipn*ls that should -nonitorcd for out of tol'*ran''e 

readings. 

The objective of tnis research is to determine how desiqn 
oar i.Tieters of botn displays and the computer interfr.ce affect 
monitoring and data entry performance. In this naoer, a task is 
developed which has many of the above characteristics but which 
is simple enough so that the attention allocation nroblem has »n 
optimal solution. Throe models based on the internal model con- 
cept are developed for this task. In the first two, the oilot is 
rewarded for diverting his attention from monitoring t^ do 
discrete tasks. The third model treats the di«scrcte tasks as a 
constraint and then uses a dynami'' oroqramming formul=»tion to 
maximize monitoring performance subject to the constraint of fin- 
ishing all of tne discrete tasks on time. 

SPECIFIC PROBLEM 

Process Dynamics ; The subject *s to monitor the output of a 
first order filter driven by white qausian noise. The display 
(fiq.l) is quantized in both time and position. The display is 
uodated every 2 seconds and is quantized into 11 cells, .BP ct 
wide. The display is defined as being out of tolerance if it is 
in the outermost 2 cells (Ixl > 1.75 cr ). The process bandwidth 
determines how predictable the signal is. The ratio of the toler- 
ance to the output variance determines how freauently the signal 
will bo out of tolerance. 

Monitor inq Tas k ; Whenever the subject observes the process as be- 
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ini out of t!"'! or *.nc-^ hi •'i?t‘» i r'^wnrl of oni unit. 

Di r o r ot •> Tisk t At cich t im<? .it v/hirh th'* lisol^V ir obnor , th-"* 
subject io»ni le.*: to oith'^r monitor next time or to <1ivirt hin it- 
f'ntion to tiT* discrot*' tisks for one or mor<' units of tim<». Two 
nithods of riwirciinj tnc subject for doinq iiscr''t ' t-is^s w^ro 
inv •‘St iq itorl . jn th'* first method, the subject in oit»-*n i r<^wir1 
of R units for cv'‘ry discrete task done. If P is zero the subi«rt 
-^oulJ ilwiys monitor end if R is qreater then tne stmdv state 
orobability that the siqml is out of tolerance the nubjrct woul'^ 
'Iwiys do discrete tasks. The objective win to mixi.nire the to- 
tal reward from monitorinq ind discrete tanks. In th-^ second 
method, the subject was constrain'’i to do m discrete tasks in the 
n^'xt n time units. The objective was to miximi?'' th'' reward for 
monitorinq subject to the constraint of finishinq all of th« 
dis'^rote tasks . The constraint formulation r.e-*ms to be oore ac- 
curate descrintion of the real situation. In addition , it ha«; 
tne large advantaqe of not requirinq the exooriment«r to soccifv 
the relative worth of time spent on monitorinq and discr'^te 
tasks. Unfortunately this formulation is comoutat ional 1 y more 
Jiff icu I t . 


THEORY 

A review of the literature in the fields of manual control, 
human factors and psycholoqy found a number of OT^oirical studi«^s 
which required the ooerator to interruot monitorinq tasks to do 
discrete tasks. Models have also been developed for either in- 
strument monitoring or discrete tasks. Mo naners were found 
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.vnicii 1 Idr tic orobl“Ti of whit strategics oorratc’s u«"»,or 
s.nuH US'*, to time share their *ttention b^tw monitoring and 
diCTCte tisk';. llo.v<»v3r, Smallwood's nao'r (31 on hinnn in*'t'’ii- 
m-*iit monitoring oroposes an ^ppro'ich whi-'h c^n b* arpll<-d ro’ th<^ 
pr''3;nt oroblim. This looroach t.^kcs t‘.i‘» r^asoiable assurption 
that th« op^ftnr has an internal mod^l of tn^» nroensn h». >s mon- 
itoring and 01 th"* '»n«;iorpm'*nt a I factors that affect the proms*?. 
I'l’is inre.,nal model can be used to oredi''t the future b^^ha^ior 
OL tie or •-'’•'ss. dmallwoo^ mak**'; the following assumptions that 
J'Ecribe how the ooeretor reacts to envior nment al innntc, 

ftsuimption 1: The hu.min op*'*rator bases his state of infor- 
mation about his enviocn.T.ont upon an internal mod«l of this 
environment; the model is formed as a result of oast oerc''n- 
tions of his environment. 

Assumption 2: The human op''‘ra'.or behaves ootimally with 
resDoct to his task and nis correct state of information- 
within his osycho-physical limitations. 

The structure of this model is shown in figure 2. The <!*7 orot*- 
lems in using this aoproach ar« to discover the form of the 
operators internal model and the optimal response. Tf the opera- 
tors model of the process is exact and he has no osycho-physical 
limitations the resulting model is normative. Introducing errors 
in the internal model and psycho-physical limitations such as ob- 
servation noise and errors in the operators internal model con- 
vert the original normative model into a discriptive model of hu- 
man behavior. 

In the following models, it is assumed that the eoerators 
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intorml mortcl of th^? process nnd ‘‘nviorntrent-'^l d i sturh«nc»'s is 
•»xact. He knows the parameters of the process end can use this 
knowloti-je to predict the orobability of boim in a nirticular 
state •^iven ne wes in a known state n seconds aqo and ha? not ob- 
served the process since that time. For a first order process 
with bandwidth ,the distribution of the nosit ion of the 

display after last obsorvinq the display t seconds aqo at posi- 
tion is a qausian distribution with 

mean m(t) » x^e* ^ 

variance v(t) ■ cTg(l-e” - 

Fiqure 3 clots the mean and variance of this distribution and 
the probability that the siqnal will b'» out of tolerance in the 
future Cor various values of . 

Myopic Model ; ’n this model a decision is made at o.ach stnqe 
to either monitor or do a discrete task next tim'' decr'ndinq on 
which activity maximizes the immediate expected reward. In other 
words find 

z » max I (1-x) 2 P:^(k) + xrI 

x»0,lL i out ^ J 

if x*0 then monitor n^xt time. 

x=l then do a discrete task next time. 

where 

P..(k)» the probability that the process will be in state i 
next stage, given the process was in state i, k 
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p(out|i,k) ■ 2 ' nrob’^bility that th-? orocoss 

j ouf ' 

will b‘^ out of toloranc*? n*»xt st'iTe qivr»n th^ oro- 
ccss was in state i, k st.iT'»3 
R» tne r>'‘ward for doim the discrete task for one 
s t a . 

'‘notnor wav to think of thie strategy is to find th® mixlmum 
v'liio of k such that P(out|i,ki<P after each obs-^rvation of the 
state i ani then direct attention to discf'te tasks for V staqes. 

As a po<icific example, consider ths case where « 1 . and 

tu » 0.2. Table 1 qives valuer, of P(out|i,k). Tf the above deri- 
sion rule is followed at each staqe the str‘*t®oy in Table ? will 
be observed for different values of reward , r. Por cxamole if 
Rafl.d48, the subject snould continue to monitor whenever the pro- 
cess is observed in states I to 4 and divert attention to th® 
otner duties for three stages whenever the process is observed 
in state A or 6. 

Figure 4 is a plot of two measures of a constant samoling 
strategy. They are the fraction of time sp®nt doing other tasks 
or not monitoring the display , f ( tasks) , and the fraction of ob- 
served out of tolerance signals to the total out of tolerance 
signals, f (hit) »p(hit) /p(out) , for various values of discrete 
task reward and strategy. These values arc calculated as fol- 
lows : 

f(tasks)»2 d. / 2 (d. + 1) »• 
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F(hits) ■ 2 (I - f(tisk9)) 

1 out ^ 

whf»r (» 

tho number of staqes devot«’'J to rliscmte t*«?ks after 
the iisDlay is observed in state i. 

the steady state orobability of the process beim 
observed in state i when the fixed time sharinq 
strategy specified by J. is follo.'»cd. The elements 
of the observed "sinqle" stoo transition matrix are 
Pi^(u^). 

rn? expected reward for following this fixed strategy is, 

L (R)»P(h It ) +R*f (tasks) . 

Figure 4 shows that for a first order disolav with a 
bandwidth of .2, R'Sf, of the out of toler.ance signals will be ob- 
served even if only 53% of the time is soent monitoring and this 
myopic strategy is followed. Figure 4 also shows the monitoring 
performance th’t would be expected if the pilot could mak« oer- 
fect predictions and his exoected performance if he could make n< 
predictions. As the bandwidth of the process decreases and th> 
signal becomes more predictable performance aooroaches that pos 
sible with perfect information. 

This model has the advantage of being very simolo and it ca 
be easily extended to continuous state and continuous ti 
processes. Unfortunately this model does not apocar to maximii 
the long term expected reward for both monitoring and oth* 
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ti3>.s. This -noJol neqlects the future v:»lu'' of knowinq wh:^t 
at.ito the PC0C033 is in. The next three moflels uh»* ’* iyn^-nie 
oroqraninq formulation to exolicitly account for th'»n^ futur'' 
va I ues. 

Dynamic Programing mod** Is with Rewards . The following dynam- 
ic programing model maximizes the sum of the exo'»ct*»d immediate 
rewards an.l t.ie future rewards. 

D'' f t n a 

the maximum expected return when the process was ob- 

Sw-rved in state i, k stages ago and there are n 

stages loft to go. 

.1 (i,k)»x«(^ then monitor next time, 
n 

x»l then discrete task n**xt time. 

R» discrete task reward . 

then 




max (l-x) 
x-h, 1 


( 2 P. (k) + D 2 P.a (k) 

I out i 




X ( R ♦ D J Pj , (k) f , 
j * J n- I 


f0 ( i »k) » 0 

The terms premultiplied by D are the future values. If D»1 , w-* 
have the optimum dynamic programing solutioi.» if D«d this model 
reduces to the myopic model. 


In the next formulation a decision is made after each moni- 
toring observation of how many discrete tasks to do next. The 
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Jccision nay bf' to do no iiscroto tasks in which cas<* tha opera- 
tor continues to monitor. To m.iko n decision involves usini th» 
"internal model" of the process , the P^^(ki*s, to oreiict the 
probability of being in each state in the future. This formula- 
tion is eouivilent to the above formulation but because it uses 
one less state it is computationally more attractive. 

Do f i n ? 

f (i)» the maximum expected return when the orocess is oh- 
n 

nerved in state i with n staqea to dO. 
d^(i)»q» the number of discrete ►asks don« before the n^xt 
monitoring observation when the process is observ'»'t 
in state i with r. stages to go. 

R » reward for doing one discrete task. th«n 


f (i) ■ max 
^'■0 » 1 . 


. .n 




B q 


1 J 

out ' i ^ 


f 


n-o-1 



f 




( i ) 


Table 3 shows the steady state solution to this normative 
model for toe same parameters used in the myopic model, ou * .7, cr 
• 1.0, T ■ 1.75 , for various values of R. Mote that for a 
discrete task reward of the ste^jdy state decision for state 
6, the center state, is to look away for two staq«s where as th*» 
myopic strateqy is to look away for ^ stages. This difference in 
strategies is because the value of knowing the process is out of 
tolerance is greater than the immediate reward for observing the 
process out of tolerance. For a given discrete task reward, P, 
the steady state decisions of the myopic model and the dynamic 
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DroTfAmiPT noiol bocour* norr cHvc»rq’'nt t oroc'»*»^ h*»n)wtdth 
i-»cr<'<is*‘*r. and the sinml bccon^s mor*' nr*'d ict iM *> . these ntcadv 
state solutiees wor'* obtained bv usinn value iteration and ansu'n- 
inq that the steady state had baer r‘'achcd by stag* They can 
also bo solve! by a modification of Howard's noliev iteration 
technioue (4) that allows for looking ahead o+l stages. 

Fiqur olots the expected steady state reward oer stage 
for both monitorinq and discrete tasks rs a function of the 
discr-t*' task reward, R, for 4 values of oroc''Ss bandwidth. Wh**n 
P.»a , the total reward is just H.RR , the steady state orobabili- 
ty that tno process is out of tolerance. This is the exoected 
reward per stage of always monitoring. Th** diagonal line shows 
the reward received for always doing discrete tasks. The unoer 
di'gonal line is the maximum r*'ward with oerf^ct knowledge of 
what the signal will b« in th** future. The graph shows that an 
optimal time sharing strat-'gy results in a gain above the two 
lower bounds and below the upper bound, ^s th'^ orocess bandwidth 
decreases the gain becomes closer to that oossible with perfect 
information. Note that the maximum advantage of an optimal stra- 
tegy over a nonsampling strategy occurs for R»0.hR - the steady 
state probability that the process will be out of tolerance. 

One disadvantage of this dynamic programing model is that it 
requires R, the reward for doing discrete tasks, to be specified. 
In any real task it would be very difficult to determine an actu- 
al numerical value for R. Even in a laboratory task in which th^ 
experimentor tells the subject the value of R and th«» subject 
uses a time sharing strategy similiar to the model, it is doubt- 

- 11 - 


1 


X 


1 


I 


ful tnjt tne cub-joct'a imolicit value for loinq dtrcr''tr> tasks 
«^oulii aqro* with me explicitly specified v*lu»* of R, ripe solu* 
tion to the proDlem of cowsrds is to use th'' r«wir 1 only to qon- 
erate the samolinq stretcqies and then pick the strateqy that l-*- 
votes the appropriate amount of time to discrete tasks. Fioure 
plots th» fraction of hits, f (hits) ■p(hit) /o(outi , vs, the frac- 
tion of tim» 1**voted to discrete t asks , f ( tasks) , for both th* 
dynamic oroor^minq strateqies and the myoric str’*t''oies. '‘s ran 
be scan , tn' curves are essentially icl''ntical. The rewards for 
.1 oiv^n strateqy anl the strateqies are -tifferent but when moei- 
torinq performnneo is Plotted aqainst f (tasks) instead of reward, 
the qraohs ac--» essentially identical. This v*ry is oromi«sinq 
for .noJclinq ^nitorinq of multiple hiqher order processes be- 
cause tr myopic strategy is only based on the prob'^bility that 
the siqn.al will be out of tolerance in the future, not the proba- 
bility of wnich specific state the process will be in as required 
in the dynamic oroqramminq formulations. 

Figure 7 shows how the fraction of hits changes when a op- 
timal semolinq strateqy is followed for various orocess 
bandwidths. As the bandwidth decreases the performance ao- 
proaches that possible with perfect information. 

In many discrete tasks there is the equivalent of a set up 
cost each time the task is started or restarted after being in- 
terrupted. For example, in entering data into a keyboard, some 
time is lost wnile the pilot shifts his attention to the keyboard 
and positions his hands. This type of set up cost can be included 
by introducing nonlinearities into the reward per discrete task 
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function. In figure C is the set uo cost. When w« h%ve 
tne normnl case considered above. 

Figure 0 shows that as set uo cost increases wonitoring oer- 
formance rapidly decreases to that possible with no predictive 
information of the processes future state. When a s^t up cost is 
involved the formulas derived above for f (tasks) must be modified 
as follows. 

f(tasks) • I d* /x (d, 1) »• 

i i 1 r ^ i i 

whare C» the number of stages wasted due to the set uo cost, 

C. 

d^*- - C if d. > C 

• fl if d. < C 

f (tasks) is now the productive fraction of time soent on discrete 
tasks. The fraction of time wasted because of the set up cost is 
given by; 



.uran him to do oxicMy m discrete tasks in th* n*»xt n staoos 
(m<n) . 

Oof me 

f tho maximum oxooctol loturn wh^n th«? nroc'^sr, is oh- 

n 

served in state i with n staq^s to qo and m discr'^te 
tasks remain to be done. 

d^(m,i)«q« the number of staqes -Jevotod to discrete tasks be- 
fore the next monitorinq observation wh<-n the nro- 
ceos is observed in state i with n staqes to qo. 

C* set uo cost, the number of staqes wast-^d when att-»n- 
tion is shifted to dis-rete tasi'S. 

* 

q « q-C if o-C>n 
» f) if 0“C<d 

then 


Cp (nf# i) 


m-!X 2 ^ 

jout J all i ' 


f „ , (m-a 
n-q-l 



f (m,i) » 0 if n*m 
n 

In this formulation, the fraction of the rema i n i no time 

v/hich must be spent on discrete tasks is just, f (tasks) »m/n and 

the fraction of hits is f (m,i)/n at state (m,i) and staqe n. 

n 

Fiqure Ifl Plots the fraction of hits vs the fraction of 
time snent on discrete tasks for three different values of n, the 
number of staqes to qo. Note that in this formulation the moni- 
torinq performance is slightly loss than the other two formula- 
tions and performance degrades further as the number of staqes, n. 


OBiV 

OR 

n )w.* J to lo Lti t ‘sk*? iP turt.her TniP i«5 tp r»xr>octoi 

b?c*iu i tno siMvj 'I'L jp Of!" t iT *• i no 1 t.n rnon’ ■•‘xictlv t out of th'^ 

ii'xt !■> jt"' 7 c*s on diBCf' to t wh'”''’' in t'l"* .■'•>rlipr 

ou.)ioct ho 1 :io limit 03 to now lorn no ''ouM oo3tn».n tho 
.iiscrot-) t«sk«5. 

Finucos II on i 12 snow tho off'^ct of ft liscr'To t^sk '■■•t no 
cost on s'lTiolini cttat iu monitorim oer fotm^nro , thn s^'t 

un c ) 3 t incro3' s, tn > n 3t stratcov ir to look nwiy for lom'*r 
ini lonnzc ocrio'lfi of tim'^ whon tho lirnliy is obs^rv-'^i noir tn^ 
c'.'ntoi . .viin a not up cost of 2 , if too iisolay is obscrvoH in 

tno contor too host ooliry is to comoloto nil of tho fliccr^te 

tasks with no i nt or ; uot i on . This is wny tho monitorinn oorfor- 
iranco shown in fiiure 1? for <t sot uo cost of ? ir *•0 rlos« to 
tho pot focmnnco tnat is oossiolo when no orodiotiors •»ro 

Fiquc'j 13 s »ows t io sonsitivity of monitor inn nprformanco to 
diEcr'‘to task enunk size - th'» minimum numoor of stand's whic^' 
must L)C soant on 'lin 'c<'t* tinks. Note taat when the minimum 
chunk sizo is S that tn* dpcmmont in oorfocmanco is onlv laro'' 
wnen loss than about of too timr must bo soont on disoroto 

tasks'i I’nis is bcoaus'’’ above th? ontimum stratopy is to look 

away for more than 5 sta^as so that chunk siza is loss of a con- 
straint on Dec formcanco . Finally fiquco 14 shows tho sensitivity 
of monitoring performance to display t''lerance, 

CONCLUDING t^EMARK'^ 


it^al vagk u> 
VOOF* quality 


In this oarer the pon'^rr.! problem of time sharing attention 


( 1 I I I I I I 
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b'tw''on -nonitorxnq ani oth«r diiti»s be<'n .1''scribr*i an.'^ on<» 
•nyopic tni three lyna-ric oroqnminq mo3®ls hnvc* been orrs<»nt'»i, 
‘louol per focmanco wac prosentoJ in terms of th» fraction of out 
of tolerance sionils seen as a function of tho amount of t imo 
soont on non-mon i tor i n] duties. Thin way of vi^winq o*»r formanco 
oliminatoG tno difficult oroblem of spocifyinq rolntivs towards 
for monitorinq and other duties. It allows an “oorooriato stra- 
tegy to bo chosen b-*soi on the fraction of time that must bo de- 
voted to other duties. The effect of such parameters as nro''oss 
bandv/i'jth and toleranco end discroto task sot uo cost and chunk 
size on monitorinq performance and normative time sharim stra- 
teqies was shown. Future work will extend these models to mul- 
tiole necond order orocesses and incoroor.ate human limitations 
such as observation noise and internal model errors. 
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fable 3. Steady state solution to the dynamic proonmim model 
with rewards. 

(a* 1.0,*uj» 0.2 rad /stage, T=1.7S, P(out)»3.nQ) 
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Fiqure 1. Drawinq of the quantized monitorinq disolay. h new 
line was added every 2 seconds. The disolay was ouan- 
tized into 11 cells - .5fl crwide. The display was out 
of tolerance if it was in the outermost 2 cells indi- 
cated with the siqns. At staqes 32 and 27 this sub- 
ject decided to look away from the display to do 
discrete tasks for 2 and 1 staqes respectively. 



Fiqure 2. A block diacram of the human monitor (from Smallwood 
(3) ) . 
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Figure 3. The state of infor.Tation of a perfect monitor aft#»r 
looking away from the output of a first order filter 
with bandwidth fl.2 rad/stage driven by white noise. 
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Figure 4, The fraction of observed out of toleranc*' signals vs. 

the fraction of time spent doing discrete tasks for 
the myopic sampling strategy. 

rad/staqe, cr-l.fl, T-l.?*), P(out) «0. P81 ) 
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Figure 5. The expected steady state reward per stage for both 
monitoring and discrete tasks when an optimal sampling 
policy is followed for a first order system. 

(-uj»0.2 rad/stage, cr »1 . 0 , T«1 . 75 , P(out)»0.0fl0 ) 
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Figure 6. Comparisom of the monitoring performance of the myopic 
and dynamic programing sampling strategies when perfor- 
mance is plotted against the fraction of time devoted 
to discrete tasks. 

( "ui * 0.2 rad/stage, <r ■1.0,T»1,75 and P(out)*0.0flP ) 
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iiure 7. Fiaciion ot nits \/c traction of time on discrete 
for lour values process bandwidth. 
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Fiquro 8. Discrete task reward with a s-'tup cost ,C. 
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riqure 10. The effect of the number of stapes to po (n) on moni- 
torxnp performance for the rlymmic oroprvninp mo'1'*! 
with discrete tisk constraint. 

( •ui *0.2 rad/ctape, cr “l.c, P(out)«1.7« ) 


STRATEGY 



FRACTION OF TIME ON DISCRETE TASKS 

Fiijurp 11. Tho effect of a discrete task set up cost (C) on the 
optimal time sharinq strateqy for states 4 , k and 
In states 1,2 and 3 the ontimal decision is 0 until 
the fraction of time which must be devoted to discrete 
tasks is v<?ry hiqh. 

(n*20 staqes, *uj »0.2 rad/staqe, T«1 . 7S , P (out ) . 000) 
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Kiqure 12. The effect of a discrete task set up cost on monitor- 
ing performance for the dynamic proqraminq model with 
a discrete task constraint. 

(n«39 stages, 111*0.2 rad/stage, T*1.75, o- *1.0, 
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